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EuroPrevall dessert incurred with either skimmed milk powder or pasteurised egg white 133 powder as a quality control material for allergen analysis has been evaluated. These 134 powdered ingredients were selected because they are (1) used widely by food manufacturers 135 who have great difficulty in managing them in factories to avoid cross-contamination 136 between processing lines; and (2) were the type of ingredients used for DBPCFC threshold 137 studies in EuroPrevall; (3). Given the current lack of certified reference materials for 138 allergen analysis the performance of the material has been assessed in a stringent manner 139 through a multi-laboratory trial using a range of commercially available immunoassay test 140 kits for determination of egg and milk protein in foods. This has been undertaken in a manner The dessert base was manufactured essentially as described by Cochrane et al (2012) . 149
Egg white powder (declared protein content 78.56%) was provided by Colman's of Norwich, 150 UK. Skimmed milk powder (declared protein content 36 ± 2%) was provided by Dairy Crest, 151
Nuneaton, UK. Powdered ingredients were used as raw or liquid ingredients are less shelf-152 stable. Protein content was verified by Kjeldahl analysis, the results of which were used to 153 calculate the level of egg white or milk powder incurred into the desserts. The other 154 ingredients used in the preparation of the dessert matrix (icing sugar, cocoa powder and corn 155 oil) were purchased from a local supermarket. Dessert base was prepared containing either 0, 156 3, 6, 15 These analyses confirmed that the desserts were correctly assigned and confirmed the blank 162 did not contain egg or milk powders above the limit of detection (LoD) of the kit and that egg 163 white and skimmed milk powders were incurred in the correct relative proportions (data not 164 shown). 165 166
Immunoassay kits 167
The immunoassay kits for determination of egg and milk used in this study are described in 168 The data return sheets detailed trial-specific instructions (e.g. dilutions of sample extracts to 187 be used for analysis) in addition to the kit manufacturer's instructions. They also provided a 188 mechanism whereby participants could report deviations from trial protocol, or specify 189 conditions that were left to laboratory discretion in the assay kit instructions. The levels of egg white powder and skimmed milk powder incurred into the dessert matrix 216 were checked after preparation. This analysis was performed using a single egg and milk 217 (casein) test kit and confirmed the presence of egg white and skimmed milk powders in the 218 correct relative proportions in each of the incurred dessert preparations. On average 43.9 and 219 51.2 % respectively of the target level of egg white powder and for skimmed milk powder 220 was reported. The analyses also confirmed the absence of egg in the milk incurred dessert 221 base and the absence of milk in the egg incurred dessert base. 222
Following implementation of the ring trial, data returns from each laboratory were used to fit 223 calibration curves obtained for the egg (Figure 1 A-E), milk (casein; Figure 1 F-J) and milk 224 (other; Figure 1 K-P) kits. The latter group comprised five kits determining the whey protein 225 β-lactoglobulin (BLG) and one -total‖ milk kit. In each case, the curves were fitted to the 226 means of all the data as well as the means of data from the laboratories giving the lowest and 227
highest absorbance values for the calibration. All calibration curves are shown individually in 228
Figures S1-S3. The best curve fitting (as judged by best r 2 values) was obtained using a 229
Boltzmann sigmoidal curve for all kits apart from one each of the egg (kit 3), milk (casein) 230 (kit 4) and milk (other) (kit 5) kits for which a linear regression was used. In some cases (egg 231 kits 1, 2 and 5) the absorbance range obtained using the kit calibrants approached or exceeded 232 11 three absorbance units, at which point plate-readers often lose accuracy and no longer provide 233 a linear response. Two laboratories (14 and 19) returned data with several kits that was 234 significantly different from the overall trial mean. In order to evaluate any potential matrix 235 effect of the dessert, the absorbance values obtained in the detection of egg or milk analytes 236 in the 0 mg.kg -1 (‗blank') dessert samples, a buffer blank (non-template controls, NTC) and 237 the lowest calibrant were compared (Table 3) . Two egg kits (2 and 5) four of the milk 238 -casein‖ kits and one of the milk -other‖ kit (kit 3) showed a difference in the 0 mg.kg -1 and 239 NTC values significant at the 10 % level. However, the magnitude of this difference is 240 extremely small and the absorbance value was lower than that of the lowest calibrant. 241
Allergen levels in the dessert were determined using the calibration curves ( Figure 1 ) and 242 reporting units converted into either mg.kg -1 powdered egg white or skimmed milk powder 243 protein (c.f. factors in Table 2 ). Using this data, a full statistical analysis was undertaken to 244 evaluate the -trueness‖ of the reported analysis at the different levels against the target value 245 at which the allergen had been incurred (Table 4) . None of the kits used produced any 246 systematic differences in reported levels of protein at the different levels incurred indicating 247 that, in the range 3-30 mg.kg -1 protein, the allergen concentration does not affect recovery. 248
The variation between reporting values for laboratories using egg test kits (Figure 2 , A-D) 249 were smaller than for the milk (Figure 2 , E-L) kits. All kits underestimated the -target‖ 250 concentration of egg in the samples; kit 1 was the least accurate of the egg kits with kit 5 251 being the most accurate at the 3 mg.kg -1 level according to the ISO criteria, reflecting the fact 252 this kit reported 97% of the incurred egg white protein (Table 4) . 253 254 Like the egg kits, there was also a relatively wide spread of data between laboratories for the 255 individual milk (casein) kits (Figure 2 , E-H). Kit 1 was the most accurate of the -casein‖ kits 256 and the only kit that returned an estimated milk protein content with an acceptable accuracy 257 12 at the 6 and 15mg.kg -1 levels. -Casein‖ kit 3 was quite accurate but overestimated the casein 258 concentrations compared with target values. Again this is reflected in the fact that -casein‖ 259 kit 1 reported 103% and 101% of the incurred protein at the 6 and 15mg.kg -1 levels, over-260 reporting at the 3 mg.kg -1 level and under-reporting at the 30mg.kg -1 level. However, results 261 obtained using kits 1 and 3 were more variable compared to the other kits. Allergen levels 262
reported from analyses undertaken with kits 2, 4 and 5 were less variable but also less 263 accurate and led to underestimation of the concentration of milk in the samples, reporting 264 between 51-62% (kits 2 and 5) and 77-90% (kit 4) of the incurred level of milk powder. Over all the laboratories performed equally well, although two (14 and 19) returned relatively 281 high numbers of outlying data, neither of which participated in the pre-ring trial. A pre-ring 282 13 trial helps laboratories to become accustomed to working with a new matrix and unfamiliar 283 assay kits, and their value to establish methodology is well accepted (Abbot et al 2010) . 284
Variation in the quality of calibration curve data across multiple laboratories using particular 285 kits was observed, and demonstrates the importance of including calibration for each 286 immunoplate used on the day of assay. Whilst the dessert matrix did have an effect on the 287 assay, as indicated by the non-template controls, these were all below the limit of 288 quantification of the kits and consequently did not give rise to any potential -false positive‖ 289 results. 290
291
Estimations of allergen content in the dessert matrix varied between different kits, but were 292 largely consistent within a kit at the different levels at which pasteurised egg white or 293 skimmed milk powder had been incurred. All kits were able to detect the lowest level (3 294 mg.kg -1 ) of either egg white protein or milk protein incurred into the dessert matrix. 295
However, none of the ELISA test kits were capable of returning the target level of incurred 296 allergen in the dessert matrix at all the allergen concentrations tested with , only one egg kit 297 (kit 4) giving the true value of incurred allergen and at one concentration (3 mg.kg -1 egg 298 white protein). In general all kits under-reported the levels of egg white and skimmed milk 299 powder incurred with the exception of milk (casein) kit 3, which consistently over-estimated 300 the milk content of the dessert at all milk levels. The fact that this was not observed for the 301 levels of milk reported by the -casein‖ kits indicates this variability was inherent to the 302 assays themselves and unlikely to reflect problems of homogeneity of incurred milk powder 303 in the dessert. 304
305
In general, the allergen test kits were unable to report the target values of the incurred 306 pasteurised egg white or skimmed milk powder. Overall, greater variability was found in the 307 14 reported levels of casein than those reported for egg, the milk (-other‖) assays being the least 308 precise, with results from all the kits containing many high and low outliers. ELISA kits 309 designed to detect casein reported more accurate results indicating they would be more 310 appropriate to use when analysing foods likely to contain whole or skimmed milks and 311
caseinates. The data also indicate that there are short-comings in the performance of many of 312 the available methods for detecting egg and milk in food, and raises issues of how 313 comparable test results may be between different kits given the variability of results from 314 different target analytes, antibodies, procedural differences (incubations, washing etc.), 315 incomplete protein extraction or lack of a common standard, or combinations of these factors. 316
317
The variation in reported results may also be compounded by the conversion from kit 318 calibrants to standardised units for either egg white or skimmed milk protein which can 319 introduce systematic errors. Generation of factors to convert kit reporting units to a 320 standardised unit (in this study, egg white protein or skimmed milk protein) is crucial to 321 allow comparison of test kit results (Lacorn and Immer 2010) and generate reporting units 322 relevant in a food manufacturing environment (e.g. the amount of egg or milk in a sample). 323
Factors also need to be carefully calculated to avoid bias in the estimation of trueness of the 324 level of incurred allergenic ingredient. The common units presented here were defined by the 325 consortium as a whole and could represent a starting point for such discussions. However, it 326 is clear that much remains to be done to enable a wider consensus to be reached as to how 327 assay output data should be translated to standardised units. 328
329
Allergen analysis is often used by food manufacturers to validate and monitor allergen 330 sanitation plans. In this instance, a manufacturer is likely to have access to the exact 331 allergenic ingredient being analysed and, in some instances, the actual food matrix being 332 15 manufactured. This allows the analytical expert to calibrate an assay against this material or 333 even have access to an -in-house‖ incurred reference material using the manufactured food 334 matrix. In such a situation, precise quantification of the allergenic food and conversion into 335 food protein is possible (Röder et al., 2010) although it may still be necessary to convert 336 results obtained using such -in-house‖ materials into reporting units that are more widely 337 accepted and accessible to the analytical community. 338 339 Precise quantification of allergens in foods will be become more important in the future as 340 data are becoming available that will allow levels of allergens, which pose low levels of 341 acceptable risk, to be identified in future, such as the ‗action' levels already identified in 342 VITAL. The enforcement of such regulations will require the performance issues highlighted 343 in this inter-laboratory study to be addressed in order to ensure effective tools for verification 344 of allergen levels in foods are available. Such methods will need to be sufficiently robust as 345 to allow detection of allergens of unknown origin, which may be inherently variable with 346 regards allergenic molecule composition, modifications introduced by food processing 347 procedures (e.g. heat, pressure, pH) and interactions with other food components such as 348 lipids and sugars. 349
350
The dessert matrix used in this study would generally be consumed in a 100 g portion and the 351 kits used were all able to detect doses of 300 µg egg or milk protein, which equates to 2. The multi-laboratory evaluation reported here demonstrates that the EuroPrevall dessert 361 matrix does have promise as a naturally incurred quality control material for food allergen 362
analysis. Further characterisation of the material, with regards homogeneity and shelf-life 363 will be required prior to making it more widely available as a quality control material. 364
Nevertheless, the data presented here represent an important step forward in making such 365 materials available and hence support efforts to further improve the performance of analytical 366 tools for detection of allergens in food. A unique aspect of the EuroPrevall dessert matrix is 367 that it has been used in DBPCFC to develop low-dose threshold data that will ultimately 368 contribute to the evidence base required for the development of -action levels‖ for allergens 369 in foods. The use of a matrix and incurred food ingredients with demonstrable allergenic 370 activity, for analytical purposes, will help ensure efforts to standardise calibration materials 371 and harmonization of allergen reporting units remain linked in a meaningful way to efforts to 372 protect allergic consumers from accidental exposure to problem foods. 373 374 Figure 1 . Calibration curves for each of the sixteen test kits used in the interlaboratory trial. panels are as follows: A -E: egg kits (1-5); F -J: milk (casein) kits (1-5); K -P : BLG/other kits (1-6)). The mean and standard deviation of data from all participating laboratories is shown together with the data from the laboratory returning the lowest and highest absorbance values for each assay. and lowest non-zero calibrant. 't-test' is the result of a 2-tailed non-paired t-test comparing both sets of 0 mg.kg -1 dessert data and NTC data. 
